Atherosclerotic lesions commonly develop at arterial branch sites, which are also the sites of high arterial Intramural stress produced by Intralumlnal pressure. We Investigated the effect of reduced Intramural stress on the development of atherosclerotic lesions. We exposed the origin of the left renal artery In five rabbits and the aortic bifurcation in another five, lowered the mean arterial pressure to 35 to 45 mm Hg, and poured a dental acrylic liquid around the branch to form a rigid cast When the rabbits recovered and the arterial pressure Increased to normal, the casts prevented the arteries from expanding, thereby maintaining a low Intramural stress. These rabbits plus two unoperated, two sham-operated, two with silicons rubber casts placed at similar pressures, and four with casts placed at 95 mm Hg pressure were given a 2% cholesterol-enriched diet for 7 to 11 weeks, and then their arteries were examined. In all rabbits, atherosclerotic lesions developed at the origins of the Intercostal, cellac, superior mesenterlc, and both renal arteries, and at the aortic bifurcation, with these notable exceptions: no lesions developed at the origins of casted renal arteries or at the casted aortic bifurcations when the cast was placed at a low pressure. Measurements of the diameter and thickness of the aorta In the left renal branch and aortic bifurcation areas, with and without the casts, indicated that there was no significant narrowing of the aortic lumen or thinning of the aorta due to the cast In conclusion, the Inhibition of the development of atherosclerotic lesions appears to be associated with the reduction of arterial Intramural stress. (Arteriosclerosis 8:410-420, July/August 1988)
A therosclerotic lesions in humans commonly develop at arterial branch sites. Rabbits fed high cholesterol diets also develop lesions at arterial branch sites, and these animals have been used for the study of atherosclerosis. 1 - 2 The preferential occurrence of lesions at branch sites has stimulated a great deal of research 3 -10 on the effects of blood flow, since the flow divides in this area, creating regions of high and low shear. The question of whether high or low shear areas correlate with areas of lesion formation has been debated for many years, 3 -8 although recently it has been reported that areas of low shear correlate better with areas of lesion formation. 711 It has also been reported, however, that there is no turbulence in the branch areas. 12 Flow division is not the only phenomenon unique to the branch site. It is known from engineering principles that intramural stress is greatly increased in the branch areas of pipe joints. 1314 Intramural stress is produced by intraluminal pressure and not by fluid flow, and the increase in the stress occurs as a result of the unique geometry of this region. Our studies of the bovine coronary arterial branch 15 and canine iliac bifurcation 1617 have shown that the stress in the branch areas is several times greater than the stress in a straight segment. The present study investigates the role of increased intramural stress in atherogenesis. Atherogenesls appears to be affected by several factors. Increased serum cholesterol is the first threatening step toward development of the disease, 18 hypertension accelerates the disease process, 1920 and diabetes mellitus patients are more prone to develop the disease. 21 Endothelial cell function, smooth muscle cell function, platelets, monocytes, and permeability of the artery are also considered important in atherogenesis. 22 Certain mechanical factors, such as high or low shear stress produced by the blood flow and increased intramural stress, have also been Implicated in atherogenesis. The importance of arterial wall tension in the process of atherosclerosis has been pointed out by Willis 23 and also by Glagov et al. 24 Willis, by application of the law of Laplace to determine arterial tension, suggested that atherosclerotic plaques occurred more frequently at locations where wall tension can be expected to be relatively elevated. Glagov et al. also suggested that higher wall tension was associated with greater atherosclerosis and applied this reasoning to explain the occurrence of greater atherosclerosis in left coronary artery compared to that in right coronary artery. Higher wail tension, in these and other works, 25 was most often related to hypertension, increased wall diameter, decreased wall thickness, or ovallzed luminal geometry near the bifurcation. 23 The present study, however, focuses on the branch area itself where the stress is increased by virtue of the unique geometry of this region.
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Several other observations also suggest that increased intramural stress predisposes tissue to atherosclerosis, and a reduction of intramural stress reduces atherogenic tendencies. For example, in vertebral arteries, the lesions do not occur where the artery is surrounded by bone, 26 perhaps because the intramural stress is reduced by the surrounding bone. In coronary arteries, atherosclerotic lesions occur most frequently in vessels outside the myocardium. 27 Once the vessels are inside the myocardium, intramural stress is decreased because the surrounding myocardium bears the stress. In the aortic valves of rabbits fed a high-cholesterol diet, atherosclerotic lesions developed only on the pressure-bearing part of the leaflet. 28 Although the entire leaflet is subjected to the effects of blood flow, only a part of the leaflet bears the load of closing pressure and has the highest intramural stress. 28 In humans, atherosclerotic lesions develop more frequently in the lower extremities 29 where static pressure and, most likely, stress are greater when standing than in the upper extremities. The principle of reducing intramural stress by controlling geometry was applied clinically by Barra et al. 30 when he placed constrictive mesh on the vein graft to prevent distention under arterial pressure and observed that these grafts performed better than those not covered.
Why Intramural Stress Is Greater at Branch Points
A simplified model of an artery is presented in Figure 1 . At an internal pressure (P), the artery develops a circumferential stress (<r c ) and a longitudinal stress (o-L ) (Panel I). Along line AB, circumferential stress remains nearly constant (Panels II and III). Along line CD, circumferential stress begins to increase as one approaches the branch and it becomes several times greater at points E and F compared to that along AB (Panel III). Although the exact magnitude and distribution of the stress depends upon the geometry and properties of the branch area, the stress around the branch is always higher because the branch eliminates the arterial wall and creates a "hole" in the main artery, which leaves less arterial wall to sustain the pressure load.
Previously we determined intramural stress at the bovine circumflex coronary arterial branch in vitro, 15 and the canine iliac bifurcation in vivo. 1617 The arteries were modeled as thin cylindrical shells of orthotropic elastic properties. Variations in geometry and wall thickness and reorientation of elastic properties in the branch area were incorporated. Local strains were measured. The stresses were determined by finite element analysis. For both the bovine circumflex coronary and the canine iliac arteries, the intramural stress was higher In the branch area than in the straight segment. The stress was further enhanced on the inner surface of the arteries at both the distal (flow divider) and proximal (opposite the flow divider) regions of the ostium 16 ( Figure 2 ). The stress at the branch was greater than that in the straight segment by a factor of 3.4 in bovine coronary arteries, and by a factor of 5 to 7 in canine iliac bifurcation. The stress increase depended primarily on pressure and geometry, and only secondarily on elastic properties and tethering forces. 1516 It must be emphasized that stress cannot be measured directly in the artery but has to be calculated using engineering principles. The strains measured near the branch were also greater than those in the straight segment. Cleave and Roach 31 reported that the strains were greater at the proximal end of the ostium than at the distal end or in the straight portion of the major aortic branches of sheep. McFarlane et al. 32 reported that a stress concentration occurs at the apex of the human cerebral artery bifurcation and Niimi 33 also reported stress concentrations at arterial branches. Thus, increased stress and strain at the ostium is a common feature of branching regions. Possibly then, the tissue response to increased stress determines the propensity of the tissue to atherogenesis. It should be noted that the stress increase exists over a distance of only a few millimeters (Figure 2) .
A typical pressure-diameter relationship for an artery is shown in Figure 1 (Panel V). 34 When the intraluminal pressure is decreased from 95 to 40 mm Hg, the diameter may decrease by 4% to 8% (Panel V). If the artery is encased in rigid material at 40 mm Hg (Panel IV) and the pressure is then increased to 95 mm Hg, the stress from the increased pressure will be transmitted to the rigid material, leaving the artery at a lower circumferential stress (Panel VI). Although the actual stress distribution in the artery and surrounding material will be difficult to determine, the arterial stress will be less than that without the surrounding rigid material. This principle of maintaining low intramural arterial stress in spite of normal systemic pressure is used in the present study.
Methods
This report describes studies performed on 23 rabbits. Atherosclerotic lesions were examined at arterial branch sites where intramural stress was reduced or unchanged. The left renal artery (five rabbits) and aortic bifurcation (five rabbits) were used for intramural stress reduction because they lend themselves to cast placement more easily than other branches, they possess quite different geometries, and they develop predictable lesions in rabbits fed a high cholesterol diet.
Mature rabbits (3 to 4 kg) were anesthetized with intramuscular ketamlne hydrochloride (50 mg/kg) and Acepromazine (0.5 mg/kg) and maintained on 1% to 2% halothane administered through a mask. The aorta and left renal artery were exposed through an upper midline laparotomy incision. The branch site was cleaned of fatty tissue. A small piece of metallic foil was placed under the branch to shape the back of the cast. The arteries were covered with warm saline for 10 minutes to relieve any vasospasm from surgery. The arterial blood pressure was recorded via a 20-gauge catheter placed in an ear artery and connected to a pressure transducer. The mean arterial pressure was lowered to 35 to 45 mm Hg by the intravenous Infusion of nttroprusside. Implantable, nontoxic methyl methacrylate (FASTRAY, Harry J. Bosworth Co., Skokie, IL), which requires 5 to 10 minutes to solidify, was poured onto the artery to surround the main vessel and the branch. After the liquid was allowed to thicken for 1 to 2 minutes, the entire area was covered with saline to dissipate the heat. The nitroprusside was discontinued when the cast was set, and the laparotomy was closed. For the aortic bifurcation cast placement, a lower midline laparotomy incision was made and a similar procedure was followed. Figure 3 shows the casts at the left renal branch area and at the aortic bifurcation.
Eight additional rabbits were prepared to test the model. Silicone rubber, another rapid-setting casting compound, Figure 3 . Photographs of casts placed on the left renal arterial branch (A) and the aortic bifurcation (C, D). A and B also show the silicone rubber form of the inside geometry of the abdominal aorta, superior mesenteric artery, right renal artery, and left renal artery. C and D show the silicone rubber form of the inside geometry of the aortic bifurcation. Externally placed cast of methyl methacrylate (A) and (C) did not produce noticeable change in the inside geometry of the artery at either the left renal branch area or the aortic bifurcation. Silicone rubber forms were made 21 days after external casting. In A, the superior mesenteric artery (top) and right renal artery (bottom) can be seen on the left side. was used for cast placement on the left renal arterial branch in one rabbit and on the aortic bifurcation in another. Sham operations were performed in two rabbits, which included exposing the arterial branch sites and lowering the arterial pressure without cast placement. Methyl methacrylate casts were placed in four rabbits at a mean pressure of 95 mm Hg which was achieved by i.v. infusion of angiotensin. Casting at this pressure should not reduce intramural stress, as it is similar to the control pressure of conscious rabbits (110 mm Hg systolic/80 mm Hg diastolic). 35 Over a period of time, the arteries should respond to decreased intramural stress in a manner opposite to their response to induced hypertension, which creates increased intramural stress at the time of induction. A response time of 2 weeks was allowed for the artery to adapt to the conditions of locally decreased intramural stress.
Therefore, all of the rabbits were fed a regular diet for 2 weeks and then switched to a 2% cholesterol diet Two unoperated rabbits were placed on a 2% cholesterol diet for 10 and 11 weeks. Five rabbits with casted left renals provided control observations of the aortic bifurcation, and vice versa. The five renal artery-casted rabbits were fed a 2% cholesterol diet for 7, 8, 9, 10, and 10 weeks, and the five aortic bifurcation-casted rabbits were on the diet for 8, 8, 8.5,10, and 11 weeks. The two rabbits with silicone casts, the two with sham operations, and the four with casts made at a control pressure (95 mm Hg) were placed on the diet for 8 weeks. Total plasma cholesterol was determined, using a Stanbio Cholesterol Test Set (Stanbio Laboratory, Inc., San Antonio, TX), based on the procedure by Allain et al., 36 from venous blood samples of five cholesterol-fed rabbits and two normal diet-fed rabbits. All of the rabbits were anesthetized, and the carotid artery and two femoral arteries were exposed and cannulated. The rabbits were then euthanized. Physiologic saline at 90 mm Hg pressure was flushed from the carotid artery through the femoral artery. The arteries were flushed for one minute with 70% ethyl alcohol, followed by Sudan IV staining solution. After the staining solution emerged from the femoral artery, the artery was clamped and staining continued for five minutes at 90 mm Hg pressure. The arteries were then flushed with 70% alcohol for 1 minute, were fixed with 4% buffered formaldehyde at 90 mm Hg pressure for 2 hours, were dissected free, and were incised for visual examination of the atherosclerotic lesions. The arteries of four rabbits were prepared for histological examination by thin sectioning and staining with hematoxylin and eosin.
The overall geometry of the arterial branch is altered only minimally by cast placement. Since increased stress and strain occur locally, significant geometric change should be restricted to the small area around the branch. The stress is decreased by reduced pressure, and even small local geometric changes are preserved by a rigid cast. To determine if the extravascular cast produced constriction of the arterial lumen, silicone rubber forms of the lumen were made. Five rabbits were prepared for these studies. One was a control, one had a left renal cast for 1 week, one had the cast for 3 weeks, one had an aortic bifurcation cast for 3 weeks, and one had the same cast for 10 weeks. The rabbits were anesthetized, given heparin (30 mg), and sacrificed. One carotid artery and two femoral arteries were exposed and cannulated, then flushed with physiologic saline at a pressure of 90 mm Hg. Silicone rubber was introduced through the carotid artery and was allowed to emerge from the femoral artery and solidify for 18 hours under a static pressure of 90 mm Hg. The left renal arterial branch and the aortic bifurcation were excised and the silicone rubber form of the arterial lumen was removed by incising the arteries. The forms were examined for luminal narrowing, and the arterial diameters were measured at various locations (Figure 3) .
To evaluate the effect of the extravascular cast on arterial tissue, the thickness of the arterial wall under the cast was measured and compared with that in the same uncasted area. The thickness was measured directly using a micrometer with 1 mm diameter tips. In this technique, when the two tips of the micrometer touched two surfaces of the tissue, an electrical circuit was completed and detected by a voltmeter. 37 Thickness measurements were made in the casted left renal branches of four rabbits, casted aortic bifurcations of five rabbits, and in similar uncasted areas of 12 rabbits.
All of the rabbits used in this study received humane care in accordance with the guidelines set forth by the National Institutes of Health and described in the book, Guide for the Care and Use of Laboratory Animals. Table 1 gives the number of rabbits and the types of surgical procedures performed. All rabbits had a mean arterial pressure of 70 to 80 mm Hg before surgery. Since Photographs showing red atherosclerotic lesions at the arterial branches in three rabbits. Direction of blood flow is from top to bottom. In a rabbit on a hlgh-cfiolestero) diet for 10 weeks, lesions developed on the superior mesenterte artery (A, arrow), whereas the casted left renal artery (C) was completely free of lesions (arrow). B. In a rabbit on a high-cholesterol diet for 11 weeks, lesions developed on the left renal (bottom arrow), the right renal (middle arrow), and the superior mesenteric (top arrow) arteries. D. In a rabbit on a high-cholesterol diet for 10 weeks, no lesions developed on the casted left renal artery (bottom arrow), whereas they did develop on the right renal (middle arrow) and superior mesenteric (top arrow) arteries.
Results
these pressures were measured under anesthesia, they were below the reported normal pressure (110/80 mm Hg) in conscious rabbits. 35 Since normal pressure in conscious rabbits is higher than the casting pressure, in most cases the intramural stress at the casted sites would have been higher without the cast. To establish that the cast did not affect mean arterial pressure, the pressure was also measured at the time of sacrifice. Three weeks after cast placement, the mean arterial pressure of two rabbits was 75 mm Hg and 70 mm Hg, the same as that before cast placement. In this model, each rabbit provides its own control, allowing comparison of the lesions between casted and uncasted sites. The two unoperated (control) rabbits on a high-cholesterol diet developed atherosclerotic lesions at the origin of the intercostal arteries, the celiac artery, the superior mesenteric artery, both renal arteries, and the aortic bifurcation ( Table 1 ). The typical lesions were masses raised from the surface of the arterial lumen and stained bright red with Sudan IV. They had a characteristic "V" shape at the arterial branch and increased in size with the duration of the high-cholesterol diet (Figure 4 ).
Casts were placed on the left renal arterial branch of five rabbits, and atherosclerotic lesions did not develop at this site (Figures 4 and 5 and Table 1 ). However, these rabbits did develop lesions at other arterial branches, including the right renal artery and aortic bifurcation. When casts were placed on the aortic bifurcation of five rabbits, no atherosclerotic lesions developed at the bifurcation ( Figure 6 and Table 1 ). However, these rabbits developed lesions at the other locations, including both renal arterial branch sites.
We examined atherosclerotic lesions in two shamoperated rabbits to determine the effect of surgical procedures on lesion development. Lesions were found at most arterial branch sites, as well as at the sham-operated sites, indicating that the surgical procedure by itself did not inhibit lesion formation (Table 1) . We examined the effect of casting material on lesion development in two rabbits by using a different casting compound (sllicone rubber). These two rabbits did not develop lesions at the casted sites, indicating that the lesions can be prevented with casts of other inert materials. We prepared four rabbits with casts placed at 95 mm Hg mean arterial pressure to determine whether the lesions would be inhibited without reduced intramural stress. All four rabbits developed lesions at the casted sites, indicating that the cast did not inhibit lesions when it did not reduce intramural stress.
To determine whether the extravascular cast causes narrowing of the arterial lumen, we measured the diameter of the aorta from intralumlnal forms in five rabbits. Two rabbits with casted left renals provided the control for the aortic bifurcation and vice versa. A third control measurement was obtained from an unoperated rabbit. We measured the aortic diameter proximal to, at, and distal to the left renal arterial branch. We also measured the aortic diameter proximal to and at the bifurcation, and the diameter of the iliac artery distal to the bifurcation. The aortic diameter in the left renal casted area (2.8 and 3.5 mm) was similar to that in the same uncasted area (2.8 to 3.4 mm) ( Figure 3 , Table 2 ). This was also true at the aortic bifurcation ( Figure 3, Table 2 ). Although the few weeks. The casting pressure measurements obtained do not permit statistical comparison between casted and uncasted areas, they do suggest that there was no significant narrowing produced by extravascular casts. Pressure reduction caused small changes in local geometry that were difficult to establish, especially considering that the diameter of the aorta varied with location in a given animal and it also varied between animals ( Table 2) .
The following thicknesses were measured in 10 casted rabbits and compared with similar uncasted areas: proximal to, at, and distal to the left renal branch, proximal to and at the bifurcation, and at the iliac artery distal to the bifurcation. The thickness of the aorta in the casted left renal area (0.33 ±0.16 mm) was similar to that in the uncasted left renal area (0.25 ±0.06 mm) ( Table 3 ). The thickness in the casted aortic bifurcation (0.32 ±0.1 mm) was also similar to that in the uncasted aortic bifurcation (0.29 ±0.08 mm). The thickness of the aorta varied with location and with the animal.
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Rgure 7. Photographs of the arteries under the cast (arrows). The left renal artery (A), under a cast for 9 weeks, and the aortic bifurcation (B), under a cast for 10 weeks, appear clean and free of external adherent tissue.
Upon visual examination, the casted artery appeared free of external loose tissue (Figure 7) . Histological examinations revealed the atherosclerotic lesions to be in the intima (Figures 8A and 9A ) and to contain lipld-laden foam cells. The casted sites showed the typical three layers of the arterial wall (intima, media, and adventitia) without lesions ( Figures 8B and 9B) . The casted artery did not show cell necrosis or Inflammatory reaction, and, in some sections, vasa vasorum could be observed ( Figure 8B) . The plasma cholesterol level in rabbits on the high cholesterol diet ranged from 1900 to 3000 mg/100 ml, whereas in the two rabbits on a normal diet it was 40 and 48 mg/100 ml.
Discussion
The study describes a rabbit model in which cast placement at reduced arterial pressure leads to inhibition of atherosclerosis at arterial branch sites. The cast does not produce significant narrowing of the arterial lumen or thinning of the arterial wall. Normal architecture of the aorta was observed under the cast, indicating tissue viability. The cast is expected to: 1) maintain the artery at a low intramural stress in spite of the normal systemic pressure, 2) eliminate pulsatile changes in arterial wall dimensions because of cast rigidity, 3) produce a small, but definite, change in the geometry of the branch site by maintaining the artery at a casting pressure, 4) not eliminate areas of high and low shear resulting from the blood flow, and 5) possibly reduce the filtration of plasma constituents through the arterial wall by producing an impermeable barrier on the outside. Filtration of plasma constituents, however, does not seem to be reduced merely by the presence of the cast since the lesions did develop in rabbits Rgure 8. A. Circumferential section at the origin of the superior mesentertc artery from a rabbit on a high-cholesterol diet for 10 weeks. The intima is at the top and the adventitia, at the bottom of the picture. This Is the same artery shown In Figure 4A . Atherosclerotic lesions (arrow) protrude from the surface of the artery into the lumen. This sudanophlllc lesion is composed primarily of foam ceils. B. Circumferential section at the origin of the left renal artery from another rabbit on a high-cholesterol diet for 10 weeks. This Is the same artery shown In Rgure 4D. This casted artery was completely free of atherosclerotic lesions. The structure of the artery appears normal and vasa vasorum ((arrows) can be seen. Bar=0.05 mm for A and B. Hematoxylin and eosin stains. that were casted under high pressure. If the filtration of plasma constituents is reduced, it would have to be because of the cast" s effect on the artery: reduction of stress, strain, or cellular changes in the artery.
The results of this study can be compared with the observation that the human vertebral artery does not develop atherosclerotic lesions where it passes through bone canals. 26 The bone surrounding the artery may serve as a stress relief device similar to the casts. Likewise, myocardium surrounding coronary arteries may also relieve stress in a way similar to the cast; this could explain why these coronary arteries have less atherosclerosis. 27 Some investigators have placed a band around the aorta, reducing the luminal area by 50% to 85%, and they reported that lesions do not develop in the constricted area. 3839 They concluded that the increased blood flow velocity through the constriction was responsi- ble for lesion prevention. Our model is different in that no significant constriction was produced by the casts.
Intramural Stress Hypothesis for Atherogenesls
Present theories suggest two possible pathways for the development of atherosclerosis. 40 One is endothelial injury, and the other is the lipid hypothesis, i.e., an increase in serum cholesterol level alone can produce atherosclerotic lesions. In his recent update on the pathogenesis of atherosclerosis, Ross 22 questioned whether hypercholesterolemia alone can cause atherosclerosis. In our model, hypercholesterolemia alone did not produce atherosclerotic lesions in the casted areas. This observation suggests that other functional changes in the arterial wall may be necessary before the plasma cholesterol level becomes a determining factor in lesion development. The endothelial injury hypothesis seems more plausible in the present model. Ross mentioned that endothelial injury could result in release of growth factors, which could provide a mitogenic stimulus to smooth muscle cells. Stemerman et al. 41 pointed out that gross endothelial damage is not necessary to mediate a large local increase in the uptake of low density lipoprotein (LDL). The term, endothelial injury, has also been used to indicate endothelial cell dysfunction. 42 Recently, it has been reported that a different morphology of endothelial cells, observed in the branch areas, may not indicate injury but may be normal to the local environment. 4344 Our previous studies 151817 have shown that intramural stress is much higher at arterial branch sites than in straight segments. It seems likely, therefore, that the increased stress could have an adverse effect on the artery and cause injury, stimulation, or dysfunction of the endothelial cell, as well as of the smooth muscle cell. This stress is reduced at the branch sites by placing the cast at low pressure. Therefore, it appears likely that with the intramural stress reduced in the casted area, the adverse effect of the stress on the artery is eliminated and atherosclerotic lesion formation is inhibited.
Although atherosclerosis is inhibited in the areas of reduced intramural stress, the inhibition may not necessarily be caused by the direct action of the reduced stress itself, but by its effect on the arterial tissue. Such effects may include changes in the arterial permeability to LDL, changes in the endothelial cell turnover rate, changes in the release of endothelial or smooth muscle cell-derived growth factors, or changes in the smooth muscle cell replication rate. Our preliminary studies have shown that reduction of intramural stress by the cast did produce changes in morphology of the endothelial cells. 45 In normal rabbits, the left renal arterial branch had frequent spindle-shaped endothelial cells distal to the flow divider. When casted, the same areas showed a smooth surface of endothelial cells with intact cell borders and no spindleshaped cells. These casted areas also showed inhibition of atherosclerotic lesions in cholesterol-fed rabbits. 48 The effect of mechanical stress has also been observed on smooth muscle cells in culture. Leung et al. 47 noted increased synthesis of collagen and certain acid mucopolysaccharides by rabbit aortic smooth muscle cells in response to cyclic stretching of the cell substrate. Sottiurai et al. 48 noted the formation of rough endoplasmic reticulum or the preservation of myofilaments in cultured arterial smooth muscle cells in response to cyclic stretching of the cell substrate. More experiments are necessary to determine how reduction of intramural stress alters the arterial wall and makes the artery resistant to atherosclerosis.
The predominant effect of the cast is to reduce intramural stress; however, it may produce other effects. For example, the cast may eliminate pulsatile changes in stresses and strains in the artery, or alter arterial pressure waveform. These changes could also contribute to the process of inhibition. Lyon et al. 49 have recently reported that in their model of coarctatjon of the thoracic aorta in cynomolgus monkeys, the atherosclerotic lesions were inhibited distal to the coarctatjon and the inhibition coincided with reduction of pulse pressure and of aortic wall motion. In our model, pulse pressure was probably either unchanged or increased due to the cast rigidity, but the pulsatile wall motion was probably eliminated. For an artery casted at 95 mm Hg, there also would be diminished wall motion. Since these animals still developed atherosclerosis, a reduction in wall motion is apparently not as important as a reduction in intramural stress in this model. This does not, however, refute the role of diminished wall motion in inhibiting atherosclerosis, because it is possible that the wall motion and the wall stress influence atherosclerosis to a different degree. The present study deals with lesion formation in branch areas, although Comhill et al. 50 have observed lesions in both the branch areas and straight segments. In conclusion, the present study provides a model for investigating lesion inhibition under severe hyperchotesterolemia and suggests intramural stress as a possibly important mechanical factor in the process of atherogenesis.
